Introduction
The medical and non-medical care for patients suffering from Alzheimer's disease (AD) poses an enormous burden on patients and their families and a tremendous challenge for the public health systems worldwide [1] . On the one hand, this is due to the devastating course of the disease, leading to a continuous decline in the patients' cognitive and functional capacity, a high need of care and a considerable rate of institutionalization in long-term care facilities. On the other hand, the prevalence of AD is high and the future number of affected patients is expected to rise due to demographic changes. In Germany, the incidence of dementia is about 200.000 patients per year with a total number of about 1.5 million people suffering from dementia [2] . Due to the considerable increase in the prevalence of dementia as a consequence of the global demographic development, the worldwide numbers of dementia patients are assumed to be more than 65 million in 2030 [3] .
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Introduction Benzodiazepines and related drugs (BZDR)
should be avoided in patients with cognitive impairment. We evaluated the relationship between a BZDR treatment and the health status of patients with Alzheimer's disease (AD).
Methods Cross-sectional study in 395 AD patients using bivariate and multiple logistic analyses to assess correlations between the prescription of BZDR and patients' characteristics (cognitive and functional capacity, health-related quality of life (HrQoL), neuropsychiatric symptoms).
Results BZDR were used in 12.4 % (n = 49) of all participants.
In bivariate analyses, the prescription was associated with a lower HrQoL, a higher need of care, and the presence of anxiety. Multivariate models revealed a higher risk of BZDR treatment in patients with depression (OR 3.85, 95 % CI: 1.45 -10.27). Community-dwelling participants and those treated by neurologists/psychiatrists had a lower risk of receiving BZDR (OR 0.33, 95 % CI: 0.12 -0.89 and OR 0.16, 95 % CI: 0.07 -0.36).
Discussion The inappropriate use of BZDR conflicts with national and international guidelines. We suggest evaluating indications and treatment duration and improving the knowledge of alternative therapies in healthcare institutions.
In patients suffering from dementia, behavioral and psychological symptoms (BPSD) often occur and central nervous agents (e. g. antipsychotics, antidepressants, anxiolytics, benzodiazepines, etc.) are frequently used for the symptomatic treatment of agitation, aggressive behavior, anxiety, depression, and sleep disturbances. However, the majority of randomized, placebo-controlled clinical trials did not reveal evidence for effects of benzodiazepines and related drugs (BZDR) on certain BPSD like sleep disturbances and agitation in dementia patients [4] . Though, the use of BZDR in dementia patients is correlated with an increased risk of sedation, cognitive decline, and falls as well as an elevated hazard of dependency on BZDR and adverse events such as agitation, restlessness, and delirium [5, 6] . Generally, an enhanced sensitivity of benzodiazepine receptors and a prolonged half-life of BZDR have to be considered in advanced ages. Therefore, a medication with BZDR in dementia patients is only recommended for a short period of time and preferably with short-acting substances [7] . Additionally, a large number of publications explored the impact of a treatment with BZDR on the risk of dementia. However, it is controversially discussed whether a long-term use of BZDR causally raises the probability of dementia [8] .
Despite the increased risk of adverse events and limited evidence for the efficacy of BZDR, earlier studies reported a relatively high prescription rate in dementia patients [9] [10] [11] . Though, the majority of earlier evaluations were based on claims data of health insurance companies or considered dementia patients in certain healthcare settings (e. g., only nursing home inhabitants or community-dwelling patients) [9] [10] [11] [12] [13] [14] [15] . In contrast, our study includes patients with AD across all severity stages of dementia and from different residential sites. Additionally, this evaluation was based on primary data as assessed by means of standardized questionnaires. Therefore, the patients' health status (e. g., cognition, activities of daily living, neuropsychiatric symptoms) could be explicitly evaluated.
Our cross-sectional analysis aimed at evaluating the prescription rate of BZDR in a German cohort of patients with AD and mild cognitive deficits. We hypothesized that the treatment with BZDR was associated with the patients' clinical status and socio-demographic parameters such as residential and family status, need of care, and treatment by neuropsychiatric specialists, etc. In particular, we hypothesized that the use of BZDR was correlated with the patients' cognitive status, functional capacity, the presence and severity of BPSD (i. e., depression, anxiety), and health-related quality of life (HrQoL). To our best knowledge, this is the first primary data analysis in Germany assessing prescription patterns of BZDR among people suffering from AD with regards to the patients' socio-demographic and clinical characteristics.
Methods

Study design and the patients' clinical status
For this cross-sectional evaluation, data of 123 nursing home inhabitants and 272 community-dwelling patients with mild cognitive deficits and AD according to the diagnostic criteria of the National Institute of Neurological and Communicative Disorders and Stroke and the Alzheimer's disease and Related Disorders Association (NINCDS-ADRDA) were analyzed [16] . The patients and their caregivers were consecutively recruited from inpatient and outpatient study centers in the region of Marburg-Biedenkopf in Germany. The participants were asked for their pharmaceutical treatment over a period of three months before the interview. The prescription of BZDR was evaluated by means of the respective ATC codes (Anatomical Therapeutic Chemical Classification System) as defined by the World Health Organization (WHO): N05BA (BZDR -anxiolytics), N05CD (BZDR -sedatives and hypnotics), and N05CF (zopiclone, zaleplon, zolpidem). For this study, the prevalent use of BZDR was defined as any reported prescription or use of any BZDR within three months prior to the interview. Therefore, the date of the first prescription of BZDR was assessed as well as the daily intake frequency and the dosage of each substance.
Prior to the initiation of the assessment, the study was approved by the ethics committee of the Philipps-University Marburg (Approval-No. 46/08) and the Landesärztekammer Hessen (MC 29/2009). All participants gave their written consent. If a patient was unable to provide written consent, her/his legal guardian decided for or against the patient's participation. This publication is predicated on an evaluation of AD patients' health status, quality of life, and the use of medical and non-medical resources as assessed in personal interviews. Further details on the study design and the standardized questionnaires used are available from an earlier publication [17] .
In brief, the patients' cognitive capacity was assessed with the Mini-Mental State Examination (MMSE), resulting in the following classification of dementia severity: mild cognitive deficits (27-30 pts.), mild AD (20-26 pts.), moderate AD (10-19 pts.), and severe AD (0-9 pts.) [18] . The caregivers of community-dwelling patients rated the patients' functional capacity by means of the Alzheimer's Disease Cooperative Study-Activities of Daily Living questionnaire (ADCS-ADL) [19] as well as the presence and severity of behavioral and psychological symptoms (BPSD) with the Neuropsychiatric Inventory (NPI) [20] . To evaluate the occurrence of depressive syndromes, the Geriatric Depression Scale (GDS) was used as a selfassessment by the patients [21] . Finally, the patients' HrQoL was rated with the disease-specific Quality of Life-Alzheimer's Disease questionnaire (QoL-AD) and the generic EuroQol Instrument (EQ-5D Index and EQ VAS) [22, 23] .
Statistical analysis
For the data entry, a FileMakerPro 9.0 database was used (FileMaker Inc., Santa Clara, USA). All statistical analyses were carried out using Microsoft Office Excel 2003 (Microsoft Corporation, Redmond, USA) and SPSS Version 22.0 (IBM SPSS Statistics, Armonk, USA). Prior to the data analysis, a significance level of α = 0.05 was set. The patients' socio-demographic and clinical data are presented as means with standard deviation (SD), median, minimum, maximum or as total numbers of cases and percentages. The distribution of the dependent variables was evaluated by means of the Kolmogorov-Smirnov test. Afterwards, differences between the indicated groups were analyzed with Mann-Whitney U tests and Chi-Square tests. In addition to the bivariate analysis, a multiple logistic regression model was used to determine associations between the prescription of BZDR and the patients' socio-demographic and clinical characteristics. For this purpose, crude and ad-justed odds ratios (OR) with 95 % confidence intervals (95 % CI) were determined and the Hosmer-Lemeshow test was applied to evaluate the goodness of fit for the regression model. Since the ADCS-ADL and the NPI were only applied in community-dwelling patients, both questionnaires were not considered for the multiple regression analysis. Concerning significant results in the bivariate analyses and the clinical relevance, the following independent variables were included after controlling for multicollinearity: age, gender (female, male), living situation (community-dwelling, nursing home), treatment by neurologists or psychiatrists (yes, no), level of care (three categories), disease severity (MMSE: four categories), presence of depression (GDS score), and HrQoL (EQ-5D Index, QoL-AD).
Results
Among the 395 study participants, 49 patients (12.4 %) were treated with BZDR at least once over a period of three months before the interview. Of these, the majority were women (71.4 %, n = 35) similar to the proportion of female patients among those not receiving BZDR (67.6 %, n = 234; p = 0.593). On average, BZDR users were not significantly older than non-users (80.0 ± 9.3, median: 84.0 vs. 78.7 ± 8.5, median: 80.0; p = 0.119). With regards to the respective substances, the following were most often prescribed: lorazepam (42.9 %, n = 21; half-life: 9-19 h), oxazepam (22.4 %, n = 11; half-life: 4-15 h), diazepam (14.3 %, n = 7; half-life: 30-56 h), and zopiclone (12.2 %, n = 6; half-life: 2-6 h).
As depicted in ▶Fig. 1, patients treated with BZDR significantly differed from those not medicated with BZDR regarding their residential status. BZDR were more often prescribed in nursing home inhabitants compared to community-dwelling participants (p < 0.001). In total, BZDR were used in 22.0 % (n = 27) of the nursing home inhabitants compared to 8.1 % (n = 22) of the patients living in their own home environment. Altogether, 66.2 % (n = 262) of all participants were seen by neurologists or psychiatrists during the study period. However, BZDR were significantly more often prescribed among dementia patients who were not treated by a neuropsychiatric specialist (63.3 %, n = 31 vs. 36.7 %, n = 18; p < 0.001) (▶ Fig. 1) .
Additionally, patients not living in a stable partnership (single, divorced, widowed) were at a higher risk of receiving BZDR (p = 0.022) as well as those who were in need of care according to the German classification into three levels of care (p = 0.037) (▶Fig. 1). Totally, 8.2 % (n = 15) of the patients not in need of care were medicated with BZDR compared to 16.1 % (n = 34) of patients who obtained professional care, with the highest proportion among those at level II (20.3 %, n = 15). Furthermore, those participants not medicated with BZDR had received professional care for 3.2 ± 3.7 years on average (median: 2.0) compared to 5.1 ± 4.9 years (median: 3.0) among BZDR users (p = 0.016). In contrast, the disease duration was not significantly associated with the prescription of BZDR (▶ table 1).
As detailed in ▶ table 1, the patients' cognitive capacity was similar in both groups, whereas the proportion of participants with mild cognitive deficits (MMSE 27-30) and mild dementia (MMSE 20-26) was slightly higher among BZDR users. A higher proportion of patients treated with BZDR showed depressive syndromes according to the results of the GDS than those not medicated with BZDR (61.2 %, n = 30 vs. 30.6 %, n = 106; p < 0.001). Additionally, a higher proportion of patients who were treated with BZDR reported anxiety in the NPI (77.8 %, n = 14 vs. 31.2 %, n = 63, p < 0.001). However, the frequency and severity of further BPSD, as measured with the NPI total score, was not significantly higher in participants medicated with BZDR as well as the extent of how intensively the caregivers perceived stress due to the patients' BPSD (NPI distress score). Furthermore, the participants' ability to perform activities of daily living, as evaluated with the ADCS-ADL, was low in the entire study population and patients treated with BZDR only showed insignificantly lower functional capacity than BZDR non-users (▶ table 1). ▶ Fig. 2 illustrates the significant differences in the patients' HrQoL subject to the prescription of BZDR. The HrQoL was evaluated by means of the QoL-AD and the EuroQol Instrument as a selfassessment by the patients and as a proxy-rating by the caregivers. With regards to the QoL-AD and the EQ-5D Index, patients rated their HrQoL significantly higher than their caregivers (proxy assessment) in both, BZDR users and non-users. However, patients receiving BZDR reported significantly lower results in the QoL-AD than those not using BZDR in the self-assessment (27. As illustrated in ▶table 2, the multiple logistic regression analysis showed that patients suffering from depression according to the results of the GDS were at a significantly higher risk of being treated with BZDR (OR 3.85, 95 % CI: 1.45 -10.27). Additionally, patients living in their own home environment showed a considerably lower chance of receiving BZDR compared to nursing home inhabitants (OR 0.33, 95 % CI: 0.12 -0.89). Finally, participants who were seen by neuropsychiatric specialists were medicated with BZDR less often than those patients not treated by neurologists and psychiatrists (OR 0.16, 95 % CI: 0.07 -0.36) (▶table 2).
Discussion
In our study, about 12 % of the participating dementia patients were medicated with BZDR at least once during the study period. These findings are largely in accordance with the prescription rates of earlier studies ranging from about 5 % to 29 % depending on the definition of BZDR use [12] . Additionally, earlier evaluations partly included patients with a certain residential status (community-dwelling vs. nursing home inhabitants) and suffering from dementia other than AD, complicating a direct comparison of the findings [9] . A longitudinal study by Montastruc et al. among 684 community-dwelling patients with mild to moderate AD living in France revealed that 8.5 % of the participants were medicated with longacting BZDR. The authors concluded that the pathophysiological alterations in dementia patients and the pharmacological characteristics of the drugs are insufficiently considered when clinicians make decisions on the pharmaceutical treatment [24] . Rhee et al. found a comparable prescription rate of about 10 % in 307 community-dwelling patients suffering from AD, vascular dementia, and other types of dementia [11] .
However, some studies reported divergent prescription rates of BZDR. In an evaluation among 448 community-dwelling dementia patients in Germany, about 4 % of the participants received BZDR [14] . In contrast, Goeman et al. found a significantly higher prescription rate of more than 31 % in 412 Australian dementia patients and reported a medication with at least two BZDR at the same time in 4.5 % of all the community-dwelling patients [10] . The authors assumed that BZDR are often used to symptomatically treat sleep disturbances and anxiety, even though evidence for a considerable effectiveness of a long-term treatment on those symptoms is lacking. Taipale et al. prospectively assessed the prescription of psychotropic drugs in more than 69.000 patients in Finland with the incident diagnosis of AD using administrative data. Over one year after the dementia diagnosis, 31 % of the patients received BZDR, whereas the prescription rate decreased to 26 % six years later. At this follow-up, the use of BZDR in patients with AD was comparable to those not suffering from dementia (25 %). Despite the high prescription rate of BZDR, the declining use might indicate a more cautious application of BZDR in the long-run [15] . Additionally, Taipale et al. found that 57 % of all BZDR prescriptions were conducted by general practitioners, whereas 6 % and 5 % of BZDR were prescribed by neurologists and psychiatrists [15] . In our study, AD patients who were not seen by neurologists or psychiatrists showed a higher hazard of a treatment with BZDR. Nevertheless, about 37 % of the patients medicated with BZDR were attending neuropsychiatric specialists. Potentially, these findings hint at an insufficient implementation of guideline recommendations in the healthcare facilities [25] . Therefore, the dissemination of recommendations for the therapy of dementia should be evaluated in further studies. Subsequently, effective strategies to implement the guidelines in the healthcare institutions (e. g. by integrating the recommendations in the quality management system) should be applied and the effect on the patients' treatment should be continuously evaluated. Additionally, the implementation of a standardized, inter-sectoral, and transparent documentation of the medication used in dementia patients might assist physicians in the avoidance of inappropriate medication such as BZDR [26] . Until now, evidence for the best treatment strategies for severe sleep disorders and anxiety in patients with dementia is lacking. Especially, antipsychotics are problematic due to their increased risk of morbidity and mortality [6] .
Furthermore, our analyses revealed that patients living in longterm care facilities were at a higher risk of being treated with BZDR than community-dwelling participants (22.0 % vs. 8.1 %, p < 0.001). These findings are similar to the results of a study by Huber et al., who reported a prescription rate of 17.3 % for BZDR in 8.017 dementia patients living in German nursing homes on the basis of claims data [27] . Also, Jacob et al. described a higher likelihood for institutionalized patients to be medicated with BZDR considering the aggregated data of 61.713 dementia patients in Germany either treated by general practitioners or psychiatrists [28] . Vasudev et al. used claims data to longitudinally assess the dispensing of BZDR in Canadian dementia patients living in long-term care facilities. Thereof, 28 % were medicated with BZDR in 2004, while the proportion of BZDR users decreased to 17 % in 2013 [29] . Stevenson et al. reported a lower prescription rate of 13 % for BZDR among 12.060 nursing home residents. However, the indication was inadequate in 42 % of all cases and inhabitants suffering from dementia were at a higher risk of inappropriately receiving BZDR [30] . ▶Fig. 2 Self-and proxy-reported health-related Quality of Life according to the QoL-AD (a and b) and the EQ-5D Index (c and d) with respect to the prescription of benzodiazepines and related drugs (BZDR). EQ-5D: EuroQol -5 Dimensions. QoL-AD: Quality of life -Alzheimer's disease questionnaire.
Moreover, patients using BZDR reported a significantly lower HrQoL with regards to the self-assessment and the proxy-rating of the QoL-AD and the EQ-5D Index in our study. Considering the single domains of the EQ-5D Index, patients medicated with BZDR showed significantly more often anxiety and a depressed mood in the self-assessment compared to BZDR non-users as shown in ▶ table 3. Additionally, BZDR were more often prescribed in patients suffering from depressive syndromes according to the GDS as well as those showing anxiety in the NPI. White et al. evaluated the management of BPSD among 230 dementia patients in an acute hospital setting, revealing that 12 % of the patients were treated with BZDR, whereas the presence of anxiety was significantly associated with the use of BZDR [13] . These findings are similar to an evaluation by Maust et al. using the NPI to assess the presence of neuropsychiatric symptoms in dementia patients. The authors found that the degree of anxiety shown by the patients was significantly associated with the risk of being medicated with BZDR [31] . As we did not evaluate the indications for a medication with BZDR in our cohort, it remains unclear whether the prescription was due to the presence of depression and anxiety. Moreover, the continuity of a treatment with BZDR was not assessed. Certainly, knowledge of the initial symptoms leading to a prescription of BZDR and the duration of treatment is crucial as a discontinuation of the medication might cause withdrawal symptoms and rebound effects [32] . Therefore, further studies should evaluate the indications and the length of a BZDR treatment. However, a long-term use of BZDR, particularly with long-acting BZDR, is not in accordance with the current guidelines for the treatment of dementia patients, and a reduction of prescriptions should be strived for. Furthermore, the increased rate of BZDR use in patients fulfilling the diagnostic criteria of mild cognitive impairment or mild dementia is problematic, since this medication can cause a cognitive decline, subsequently complicating the differential diagnosis [33] .
In conclusion, a proportion of about 12 % of all participants in our study were medicated with BZDR. Especially, AD patients living in nursing homes, reporting depressive syndromes, anxiety, and a diminished HrQoL, as well as those not treated by neurologists or psychiatrists received BZDR significantly more often. Therefore, we suggest improving the awareness of risks of a treatment with BZDR in the healthcare facilities by providing evidence-based information on pharmaceutical therapy in dementia for patients, caregivers and clinicians. Additionally, a continuous evaluation of the implementation process of guideline recommendations should be established in order to diminish the prescription of BZDR.
Finally, our findings have to be interpreted under the consideration of several limitations. Due to the regionally restricted study design, the sample size, and the consecutive recruitment holding the risk of a selection bias, our study does not allow for a representative conclusion regarding the prescription prevalence of BZDR in Germany. Additionally, a recall bias has to be taken into consideration as the participants were asked for information on the pharmaceutical treatment over a period of three months prior to the interview. Furthermore, the recruitment of patients with cognitive disorders other than AD cannot be fully excluded, because the diagnosis was primarily based on clinical diagnostic criteria (NINCDS-ADRDA). In addition, we used a cross-sectional study design not allowing for an assessment of the longitudinal use of BZDR in the cohort. However, other than the majority of earlier studies on the use of BZDR, we included community-dwelling and institutionalized patients with AD across all severity stages of dementia and evaluated the patients' clinical status by means of standardized questionnaires.
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